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This paper reports the treatment of eight cases with toe ulcers. The eight patients received
nursing treatments, including debridement, dressings, decompression, anti-fungal man-
agement, and education from specialist nurses. The patients were also given drugs to
control glucose, nourish the nerve, and improve blood circulation of the lower extremities.
The toe ulcers of the eight diabetic patients healed after 42e168 days [average 85 ± 36 days].
Thus far, few studies have focused on diabetic toe ulcers. Timely identification of risk
factors and regular toe care could decrease the prevalence of toe ulcers and shorten the
recovery time in patients with diabetic mellitus. Hence, these patients must be diagnosis
and treated early. Results suggest that feet, particularly toes, should be inspected and cared
for regularly in diabetic patients.
Copyright © 2016, Chinese Nursing Association. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).1. Introduction
Diabetic foot is the main consequence of neuropathy and
peripheral vascular diseases, including lower limb infection,
formation of ulcers, and (or) destruction of deep tissues [1].
The incidence and prevalence of diabetic foot are 1.0%e4.0%
and 5.3%e10.5%, respectively [2]. Approximately 20%e30% of
diabetic foot ulcers are located on the toe [3]. Toe ulcers in
diabetics easily occur but heal difficultly because of several
factors, such as thin subcutaneous fat and skin, slow blood
flow, large resistance of blood, and hidden toe seams. Toe
ulcers also involve toe bones and thus increase the risk foryx02@126.com (J.-j. Bai).
iatrics Clinical Trials Reg
Nursing Association.
g Association. Production
mons.org/licenses/by-ncamputation or even mortality. Therefore, toe ulcer is an
important and complicated condition that should be moni-
tored by clinical staff. However, only a few studies have
explored diabetic toe ulcers. In this paper, we report a case
series of eight diabetics recovering from toe ulcers after being
given nursing treatments.2. Case report
Eight diabetic patients, aged between 38 and 76 years, with toe
ulcers sought consult in amultidisciplinary diabetic foot clinicistry in Shanghai”. Its code is 13DZ2260700.
and hosting by Elsevier B.V. This is an open access article under
-nd/4.0/).
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tients included four males and four females and presented
HbA1c levels between 7.2% and 7.8%. One patient presented
with type 1 diabetes mellitus
(DM1), whereas seven patients were diagnosed with type 2
diabetes mellitus (DM2). The toe ulcers were located on the
first toe in four cases, the second toe joint in two cases, and
the fourth toe in three cases. Four cases were malodorous;
three cases were infected by anaerobic bacteria, two by Pseu-
domonas aeruginosa, one by Staphylococcus aureus, and six by
fungi. Eight cases presented with dry and desquamated skin.
All of the patients were categorized as Wagner classifica-
tion 3, and two cases were concurrently inflicted with diabetic
nephropathy. According to detection using 10 g of nylon wire,
all patients were inflicted by diabetic peripheral neuropathy.
Determination of Ankle brachial index (ABI) by Doppler
indicated that two cases were affected by mild peripheral
arterial disease [PAD] [0.7  ABI  0.9], five presented with
moderate PAD [0.4  ABI < 0.7], and one suffered from severe
PAD [ABI < 0.4] [Table 1]. Ethics committee approval was
obtained from the Hua Dong Hospital affiliated to Fudan
University, Shanghai, China. All patients provided written
informed consents and were treated as follows.
First, ulcer debridement is an essential step and a key to
ulcer healing [4]. Before debriding the wound bed, the stage of
the ulcers and the pain sensitivity of the feet were assessed.
The patients who did not tolerate the pain or presented with
pain scores beyond 8.2% before the operation were given
lidocaine hydrochloride topically on the ulcer surface for
anesthetic infiltration. The wound bed was then flushed with
saline solution at normal temperature, and necrotic tissue
was removed from the wound bed in a stepwise manner
depending on ulcer stage. Notably, the procedure did not
completely clear the wound bed from necrotic tissue in a
single step nor cut exceedingly deep to avoid stress hyper-
glycemia. After the operation, the skin around the wound bed
was disinfected with glucose chlorhexidine and allowed to
dry. The toe ulcers were then assessed.
Second, dressing was applied depending on the nature of
the ulcers and the amount of wound discharge. Alginate
dressing with silver was applied earlier on the ulcers with
wound discharge and infection. After debriding, the wound
bed was filled with appropriately sized dressing size, and
gauzes were fixed outside. When the wound discharge
amount was reduced and fresh granulation was formed,
Atrauman Ag was used, instead of alginate dressing with sil-
ver. The dressings were changed once or twice a week.
Third, decompression is an important and concrete
method depending on the location of the toe ulcers. For ulcers
located on the toe seam, secondary dressings, such as gauzes,
were used to encircle thewound, the overlap of whichwas not
placed on the wound bed or in the toe seam for pressured
wound bed or adjacent toes. For ulcers located on the joint or
the back of the toe, a cane or wheelchair was used. Soft shoes
and socks with wide heads were also considered. The wound
must not be filledwith excessive dressing, and gauzes or tapes
could not be wrapped exceedingly thick or tight.
Fourth, terbinafine hydrochloride or miconazole nitrate
cream was applied on patients with toenail fungus. The drug
was daubed on the edge of toenails and the toe seam once or
i n t e r n a t i o n a l j o u rn a l o f n u r s i n g s c i e n c e s 3 ( 2 0 1 6 ) 3 3 2e3 3 6334twice a day. For two cases with the verrucous hyperplasia
caused by fungal infection, HeeNe laser irradiation was con-
ducted 20 min daily.
Lastly, the patients and their caregivers were educated
with proper foot self-protection.① Shoes and socks should be
soft, loose, and wide except for thong or open-toe sandals.②
Regular trimming of toenails should be performed by a dia-
betic specialist nurse. ③ The feet must be clean and dry. ④
The feetmust bemassaged to improve blood circulation of the
lower extremity and must not be raised for a long time nor
exercised strenuously. ⑤ The feet should be inspected regu-
larly, especially for skin laceration, frictional injury, inflam-
mation, and discoloration. Patients were instructed to seek
consult immediately in the case of abnormalities.3. Results
All toe ulcers in the eight diabetic patients healed after 42e168
days (85 ± 36 days), whereas Kristy found that the mean time
was 147 days [5]. Fig. 1 shows the images of four typical cases.
No recurrence of toe ulcers was noted after 3 months of reg-
ular follow up.Fig. 1 e Photos of four typical cases were as following,
showing the initial condition and the situation of healing
after systemic nursing interventions.4. Discussion
4.1. Factors inducing toe ulcer formation and preventing
toe ulcer recovery
4.1.1. Physiological characteristics of toes
One important function of toes is to produce sufficient pres-
sure and force to propel the whole body forward from one
point to another during walking. The anatomical and histo-
logical traits of toes offer poor self-protecting ability; less fat
pad and thin skins are found in toes, especially in toe joints.
Moreover, blood flow in toes is slow because of resistance.
Once toes are compressed, local tissues easily experience
ischemic hypoxia and become infected, inducing and aggra-
vating ulcer formation and may even result in amputation or
osteomyelitis.
4.1.2. Toe microcirculation lesions
With the development of diabetic mellitus, proteins are
rapidly glycosylated and deposited in acromegalous micro-
capillary walls, resulting in microvascular lesions, such as
endothelial cell hyperplasia, platelet aggregation, and
thrombosis. In addition, the lesions can reduce tissue perfu-
sion and the local supply of nutrients or oxygen, exacerbating
ulcers or extending the healing time [6]. Najafi [7] found that
blood circulation obstacles resulting from diabetic peripheral
vascular lesions is an independent risk factor of diabetic toe
ulcers.
4.1.3. Peripheral neuropathy
Peripheral neuropathy is not only a common complication of
diabetic mellitus but also the leading cause of diabetic toe
ulcers [8]. On one hand, the condition can induce mechanical
or temperature damage by impeding foot feeling. On the other
hand, the condition can cause metatarsophalangeal jointhyperextension or claw toe deformities because the intrinsic
foot muscles lose function to further increase pressure on
large toes and phalanges [9]. During walking, abnormal toes
collide constantly with the shoe walls and may result in local
ischemic hypoxia. Autonomic neuropathy may induce foot
i n t e r n a t i o n a l j o u r n a l o f nu r s i n g s c i e n c e s 3 ( 2 0 1 6 ) 3 3 2e3 3 6 335skin dryness, hyperkeratosis, or callus formation, which can
alter the local pressure and aggravate toe ulcers.
4.1.4. Co-infection
The toes are the most common body part infected by fungus
[10]. Long-term high blood sugar not only provides a good
culture medium for bacteria but may also reduce cellular
immune function and generation of antibody; this phenom-
enon results in spread of infection, aggravation of body
metabolic disorders, or reduction of oxygen supply [11].
Concurrently, fungal infection can lead to toenail deformity
and wart hyperplasia to damage toe tissues and increase dif-
ficulty of ulcer healing.
4.1.5. Others
If excessively tight, footwearmay change the pressure applied
on the feet and cause blood circulation disorders. Improper
trimming of toenails include excessively deep cutting of toe-
nails or damaging the marginal group can result in ingrown
toenail or even infection to influence toe ulcer healing.4.2. Suitable nursing techniques to promote diabetic toe
ulcer healing
4.2.1. Decompression
Most diabetic foot ulcers are caused by abnormal plantar
pressures. Despite good blood perfusion, diabetic toe ulcers
remain difficult to heal, and the recurrence rate reaches 40% if
the external pressure on toes is not removed [12]. The removal
of local pressure is the key to ulcer healing. Patients, especially
those with toenail deformity, should seek help from a multi-
disciplinary diabetic foot clinic for effective nail trimming to
relieve mechanical stimulation and toe pressure. In addition,
shoes, socks, and insoles should be appropriately selected.
Crutches and wheelchairs can also be used as desired.
4.2.2. Dressings
Dressings should be selected depending on the characteristics
of diabetic toe ulcers in different types or stages. For ulcers
with considerable secretion or infection, alginate dressing
with silver can be selected. In a microacid environment, such
dressing not only alleviates pain and promotes the growth of
granulation by absorbing drainage quickly, debriding the
wound bed, and maintaining an appropriate healing envi-
ronment but also kills the clinically common drug-resistant
bacteria, including P. aeruginosa and S. aureus, by growth in-
hibition [13]. When the wound bed is accompanied by mini-
mal or absent discharge with the appearance of granulation,
Atrauman Ag, composed of silver ion and rough, waterproof,
synthetic polyester, can be used instead. The silver ion can
specifically combine with bacteria to effectively destroy the
latter with low toxicity because of its minimal release into
tissues surrounding the wound. Meanwhile, the polyester
fiber can prevent granulation from permeating into dressings
to reduce pain caused by removal of dressings [14]. The fibers
also soften the surrounding groups around the ulcers to
reduce the contraction of the scar tissue and shorten ulcer
healing time [14].4.2.3. Antifungal therapy
Toenail fungal diseases are stubborn and mainly caused by
Tinea, bacteria, and yeast. Edward [15] highlighted in a pro-
spective research that toe fungal disease is a risk factor for
diabetic foot ulcers. Terbinafine hydrochloride or miconazole
nitrate cream is commonly used for clinicalmanagement. The
former drug functions through strong antibacterial action by
inhibiting the production of ergot alcohol, destroying the cell
membrane, and increasing permeability. The latter can kill
fungal bacteria by interfering with fungal cell membrane
synthesis and affecting fungal metabolism, especially for
yeasts.
4.2.4. Physical therapy
As a kind of physical therapy, HeeNe laser treatment adopts a
low output and a light thermal effect, which can improve body
immunity by promoting phagocytic function, increasing the
thermophilic bacterial index of white blood cells and neutro-
phils, and facilitating the increment of lymphocytes and fiber
cells. Moreover, the treatment can expedite ulcer healing by
ameliorating the permeability of blood vessel walls, lessening
inflammatory exudation, and cleaning the wound bed [16].5. Conclusion
Application of decompression technology and antifungal
drugs, combined with physical therapy as necessary, may
promote the healing of toe ulcers. However, the main limita-
tion of this study is the lack of control groups in the design.
The final outcome is determined by the degree of ischemia,
size of the ulcer, and blood glucose status; hence, controlled
studies are needed to validate the conclusion.Foundation
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